Background A period of tumor growth precedes the clinical detection of breast cancer recurrence. We explore immune, endocrine, and behavioral parameters during this period. Methods We conducted a phase III clinical trial in which women with surgically treated stage II/III breast cancer (N = 227) were randomized to receive a psychological intervention or assessment-only and then regularly assessed for 10 years. Patients who recurred (R, n = 48) were matched with patients remaining disease-free (DF, n = 48) on demographic and prognostic characteristics, treatment, and duration of disease-free follow-up. Data at three assessment points, occurring, on average, 17, 11, and 4 months before the recurrence was detected clinically, with equivalent time points for the disease-free group, were examined. Mixed-eVects models tested for group diVerences in immune cell counts and function as well as endocrine and behavioral parameters. Results In the 17 months prior to recurrence detection, patients exhibited higher white blood cell count, neutrophil, lymphocyte, and natural killer cell counts, relative to DF patients. R patients also showed higher cortisol, worse physical functioning, fatigue, and quality of life. Follow-up analyses showed patients with local recurrences to diVer from those with distant recurrence, with the former exhibiting elevated natural killer cell cytotoxicity, lymphocyte proliferative response, fatigue, pain, and emotional distress (depression, anxiety), and the latter exhibiting higher neutrophil, lymphocyte, and natural killer cell counts. Conclusion Patients who would recur showed reliable biobehavioral alterations more than a year prior to their diagnosis. This novel observation may contribute to our understanding of the disease relapse processes.
Introduction
Tumor growth is believed to precede a diagnosis of breast cancer recurrence by at least 30 weeks [11, 12, 26] . Observations of signs or symptoms during this time could provide insight into the recurrence process or suggest tests for earlier detection. Potential signs of disease activity include tumor markers, for which reliable tests are in development [9] , and hematologic indices, such as lymphocyte and neutrophil counts, which have been correlated with the presence of metastasis at diagnosis [27, 28, 30, 35] . Prior data such as these have been interpreted to suggest that an immune response to tumor cells-either via cytokines released from the tumor, tumor antigenicity, or an inXammatory reaction-may be observable in peripheral blood [7, 25, 31] . Thus, observation of hematologic indices in patients in whom a recurrence is developing, but as yet undetected, could be informative. Although data from patients at diagnosis have been studied, data from the tumor growth period, (i.e., 30 or more weeks before detection) have not been studied. The present study examines this period.
We test the hypothesis that patients who recur evidence diVerent immune, endocrine, or behavioral responses than patients remaining disease-free, prior to the clinical detection of recurrence. Our ongoing randomized trial of a psychological intervention for breast cancer patients provided the opportunity to do so [5] . Patients were accrued and regularly assessed following an initial diagnosis of cancer. Data of primary interest are immune indices (e.g., white blood cell counts and diVerentials, lymphocyte populations, and functioning); however, data were also available for endocrine and behavioral domains, which may evince subtle changes coinciding with immune change [32] . After 10 years of follow-up, most patients have no evidence of disease, but some (26%) have recurred, making possible examination of patients' data from the months prior to the recurrence diagnosis. For comparison, patients with recurrence were matched with other patients from the trial who had remained disease-free. In combination, a case-control exploration of precursors to recurrence was possible.
Subjects and methods

Study design and patients
Clinical trial sample
Women (N = 227) with newly diagnosed, surgically treated stage II or III breast cancer (TNM staging system [2, 3] ; ICD-9 codes 174.0-174.9) at a university-aYliated National Cancer Institute-designated Comprehensive Cancer Center were accrued between 1994 and 2000. Details of informed consent, accrual, and randomization have been published [5] . This protocol was approved by local institutional review boards and was conducted in accordance with the Helsinki Declaration of 1975. Prior to the beginning of adjuvant therapy, women provided informed consent and completed face-to-face interviews and questionnaires, a nurse completed a health status evaluation, and blood and saliva samples were obtained. Assessments were conducted between 7:30 and 10:30 a.m. to reduce diurnal variability in endocrine and immune responses.
Patients were randomized to assessment-only or psychological intervention with assessment study arms, as described [5] . For those randomized to the intervention, there were signiWcant reductions in emotional distress, improvements in health behaviors, and higher lymphocyte proliferative response at 4 and 12 months [4, 5] .
Trial follow-up consisted of assessments every 4 months during the Wrst year, every 6 months during years 2-5, and annually during years 6-10. Medical follow-up included annual mammograms and physical examinations every 3 months for the Wrst 2 years and every 6 months thereafter. Suspicious signs or symptoms were pursued through blood assays and scans.
Research design and patients
Recurrence (R) group
Recurrence cases were identiWed through notiWcation from clinic staV, routine tracking, and/or patients' own notiWcation and conWrmed by examination and follow-up imaging studies. Women diagnosed with a second primary tumor and those recurring within 12 months of the initial diagnosis were excluded. The latter criterion eVectively excludes patients who may have had undetected metastatic disease at diagnosis.
To date, 60 of 227 patients (26%) have recurred. Of them, data from 48 (80%) patients were available. Data from ten patients were unavailable, as they recurred more than a year after withdrawing from the trial. Data were available from two other patients but not used since they evidenced recurrence prior to the 12 month follow-up. The disease-free interval for the 48 patients ranged from 13 to 144 months (median = 32.5 months). For each patient, the three assessments immediately prior to the discovery of her recurrence were used, labeled time 1, time 2, and time 3. On average, the time 1 assessment occurred 17.3 months prior to the recurrence diagnosis (SD = 8.7 months), time 2 occurred 11.4 months prior to recurrence diagnosis (SD = 6.7 months), and time 3 occurred 4.5 months prior to recurrence diagnosis (SD = 4.4 months).
Disease-free (DF) group
Each patient with recurrent disease was matched to one patient from the trial who had no evidence of recurrent breast nor second primary diagnosis. Recurrence participants were matched to disease-free participants on study arm (psychological intervention versus assessment-only), menopausal status at original diagnosis (pre/peri versus post), hormone receptor status (positive versus negative), tumor size (<2 cm versus ¸2 cm), nodal status (negative versus 1-3 positive versus ¸4 positive nodes), presence of spouse or signiWcant other, and duration of disease free follow-up. For example, if a woman recurred at 36 months, only disease-free individuals who met the above criteria and who had been followed through 36 months could be selected as matches for that woman. The three assessments prior to the matching time point (in this example, the 18, 24, and 30-month assessments) were used for time 1, time 2, and time 3. In this manner, 48 matches were identiWed. Exact matches were found for 40 of the 48 recurrence participants; the remaining participants were matched on Wve of the six variables. Subsequent analyses conWrmed that the groups were statistically equivalent on all sociodemographic and prognostic variables, as well as prior cancer treatments received (see Table 1 ).
Measures
Cell counts and function
QuantiWcation of cells Complete blood cell counts and diVerentials were obtained. IdentiWcation of lymphocyte subsets utilized peripheral blood leukocytes labeled with Xuorescent-conjugated monoclonal antibodies, as described [5, 32] . CD3 (total T), CD4 (helper T), CD8 (cytotoxic/ suppressor T), and CD56 (NK) cells were measured. Serum albumin was monitored as an indicator of nutritional status.
Natural killer cell cytotoxicity (NKCC) Natural killer cell cytotoxicity (NKCC) was measured, as it has been found to predict breast cancer incidence [15] and recurrence [20] . We tested NKCC against K562 using a standard chromium 
Location of recurrent disease
Local (n = 9)
Chest wall 3
Breast tissue 6
Regional (n = 2)
Supraclavicular nodes 1
Internal mammary nodes 1
Liver 8
Bone 25
Pleura 1
Brain 3
Intestine 1
Contralateral breast 1
SD standard deviation a Sites of distant disease total more than 37, as some participants recurred at multiple sites Values are: mean (SD) or N (%). P values indicate group comparisons using analysis of variance or a 2 test, as appropriate release assay, as described [5, 32] . EVector to target (E:T) ratios were 50:1, 25:1, 12.5:1, 6.25:1, and 3.125:1. Cytotoxicity was expressed as lytic units per 10 7 cells [8] .
Lymphocyte proliferative response (LPR) T-cell proliferative response has been correlated with breast cancer recurrence [36] and survival [21, 37] . LPR to phytohemagluttinin (PHA) and concanavalin A (Con A) was determined, as described [5, 32] . Proliferation was determined via optical density. Serial dilutions of 2.5, 5.0, and 10.0 g/mL were employed.
Endocrine studies
Salivary cortisol Cortisol content was determined using the Cortisol Coat-A-Count RIA (Diagnostic Products Corp., Los Angeles, CA, USA). Sensitivity was 0.025 g/dl. Intra-assay variation was 4.3% and inter-assay variation was 5.2%.
Plasma catecholamines (norepinephrine and epinephrine)
Determinations were made by HPLC with electrochemical detection using standards and chemistry from ChromSystems (Thermo-Alko, Beverly, MA, USA), and C-18 Columns from Waters Corporation (Milford, MA, USA). Intra-assay variation for norepinephrine and epinephrine was 3 and 6%, inter-assay variation was 6 and 13%, and sensitivity was 15 and 6 pg/ml, respectively.
Adrenocorticotropin hormone
We used Immulite 1000 with reagents manufactured speciWcally for this instrument (Diagnostic Products Corp., Los Angeles, CA, USA). Intraassay coeYcient of variation was 5.6% and inter-assay coeYcient of variation was 7.8%. Sensitivity was 9 pg/ml.
Emotional distress and health related quality of life (QoL)
Emotional distress The 65-item ProWle of Mood States (POMS) assessed negative mood on six subscales [22] . Cronbach's alpha reliability was 0.92.
Quality of life The 36-item Medical Outcomes Study
Short Form-36 (SF-36) measures health-related quality of life on eight subscales [34] . Cronbach's alpha reliability ranged from 0.83 to 0.94.
Functional status and symptoms
Performance status The Karnofsky Performance Status (KPS) was used [18] .
Symptoms, signs, and toxicities (SS/Tox) The Southwest Oncology Group scale for assessing toxicities (1994 version) was used [4, 23] . Items were summed and a mean calculated.
Analytic strategy
Preliminary analyses used analysis of variance (ANOVA) to compare the recurrent (R) and disease-free (DF) groups at the time of original diagnosis on immune, endocrine, and behavioral variables. Primary analyses used mixed-eVects modeling to test the eVects of group (R versus DF), time (months), and the group £ time interaction. Number of months prior to the recurrence diagnosis (or the equivalent for the DF group) was used as the time factor. The following were considered for control: baseline level of the dependent variable, study arm, tumor grade, age, body mass index, concurrent treatment (chemotherapy, radiation, and/or hormonal therapy), concurrent menopausal status, and, for analysis of immune cell function, relevant cell counts (NK, CD4 + T cells). Using a backward elimination procedure, any covariates signiWcant at P < 0.20 remained in the Wnal models. The Bayseian Information Criterion was used to determine whether to include the time eVect. An alpha level of 0.05, two-sided, was used. We used the Statistical Package for the Social Sciences (SPSS v.14; [1]). Follow-up mixedmodel analyses tested for diVerential patterns of data between patients with local versus distant disease. Table 2 provides descriptive data. Using data obtained at the time of initial diagnosis, the groups were equivalent on most hematologic (P > 0.080) and health indices (P > 0.101). However, R patients had higher baseline basophil counts (P = 0.035). For the behavioral data, R patients reported greater distress on two POMS subscales: fatigue and confusion (P < 0.036). Regardless of the signiWcance of baseline group diVerences, baseline values were entered as controls for all the main analyses.
Results
Descriptive and preliminary analyses
Data were examined for the potential inXuence of nutritional status and anemia. Samples in which albumin was outside of the normal range were not analyzed. Only one patient exhibited signs of anemia (hemoglobin <10 g/dl; [19] ) at the baseline assessment, as did one patient during follow-up. Removal of these data yielded identical results to those from the full sample, reported below. Table 3 summarizes the results. SigniWcant group eVects were observed for total WBC, neutrophil counts, lymphocyte counts, and CD56 + (natural killer) lymphocytes, whereby patients in the R group evinced signiWcantly higher cell numbers than those in the DF group. In addition, there was a signiWcant group x time interaction for neutrophil counts. As illustrated in Fig. 1 , counts for DF patients were declining over time, while those for R patients remained high. In contrast to cell numbers, indices of cell function (LPR, NKCC) were equivalent between the R and Table 2 Mean and standard deviations of examined variables for the recurrence and disease-free groups NKCC Natural killer cell cytotoxicity in log-transformed lytic units, Con A Lymphocyte proliferative response to concanavalin A, PHA Lymphocyte proliferative response to phytohemagluttinin a There was a statistically signiWcant group diVerence at baseline, based on one-way analysis of variance. Group comparisons for time 1 through time 3 are summarized in Table 3 Variables
Primary analyses
Recurrence ( For the endocrine data, participants in the R group had signiWcantly higher salivary cortisol levels, as illustrated in Fig. 1 . No signiWcant group diVerences were observed for ACTH, epinephrine, or norepinephrine.
For the behavioral data, the R group reported signiWcantly greater fatigue, and poorer quality of life related to vitality, physical functioning, physical role functioning, and emotional role functioning. Further, a signiWcant group £ time interaction for vitality revealed the R group to show no improvement over time, while the DF group showed expected improvements in quality of life (Fig. 1) , and there were similar, but non-signiWcant, patterns in fatigue, physical functioning, and mental health. The data are suggestive of poorer energy levels and a range of activity disruption (e.g., diYculty carrying groceries, spending less time on important activities). The R and DF groups were not signiWcantly diVerent on the remaining POMS and SF-36 subscales.
Consistent with the self reports of physical functioning, R patients had signiWcantly lower nurse-rated performance status accompanied by a failure to improve over time. Figure 1 illustrates the group diVerence in functional status. The groups did not diVer in signs, symptoms, or toxicities from cancer treatments.
Follow-up analyses
Immune control or response to tumor growth may be diVerent for local and distant disease [25] . Therefore, we further examined the data by comparing loco-regional recurrence (n = 11) with distant recurrence (n = 37). Patients with distant metastases had higher WBC (P = 0.050) and neutrophil counts (P = 0.010) than those with loco-regional recurrence (see Fig. 2 ). For lymphocyte, T8, and NK cell counts, the pattern of means was identical to those depicted in Fig. 2 with only the distant recurrence patients diVering signiWcantly from disease-free; however, the diVerences between distant and local recurrence groups were non-signiWcant (P = 0.06-0.12). With regard to immune cell function, patients later diagnosed with local recurrence showed higher NKCC (P = 0.035) and LPR to PHA (P = 0.049) than distant recurrence patients (Fig. 2) . Figure 3 illustrates subgroup diVerences in the behavioral data. Data showed the patients with local recurrence to have higher fatigue (P = 0.041), depression (P < 0.001), and anxiety (P < 0.001), as well as poorer quality of life related to mental health (P = 0.026) and pain (P = 0.043), relative to patients with distant metastases. There was also a trend for patients with local recurrence to have lower vigor (P = 0.063) than those with distant disease. Fig. 1 Group diVerences in predicted trajectories for immune cell counts, salivary cortisol, and functional status in the recurrence and disease-free groups. DiVerences between the R and DF groups were signiWcant for neutrophils (P = 0.001), natural killer cells (P = 0.032), cortisol (P = 0.001), and functional status (P = 0.003) Fig. 2 Group diVerences in predicted trajectories for immune cell counts and function and salivary cortisol in the local recurrence, distant recurrence, and disease-free groups. DiVerences between the local and distant recurrence groups were signiWcant for neutrophil counts (P = 0.010), natural killer cell cytotoxicity (P = 0.035), and lymphocyte proliferative response to phytohemaggluttinin (P = 0.049). The diVerence in natural killer cell count between local and distant recurrence groups did not reach signiWcance (P = 0.060) Fig. 3 Group diVerences in predicted trajectories for pain, fatigue, and depressed and anxious mood in the local recurrence, distant recurrence, and disease-free groups. Higher scores indicate less interference of pain in quality of life and more feelings of fatigue, anxiety and depression. DiVerences between the local and distant recurrence groups were signiWcant for quality of life related to pain (P = 0.043), fatigue (P = 0.041), depressed mood (P < 0.001), and anxiety (P < 0.001)
Discussion
This exploratory study oVers a unique look at the hematologic and behavioral context preceding a breast cancer recurrence diagnosis. Two groups were selected, similar in prognostic characteristics and received treatments, which diVered in the event of recurrence. Reliable group diVerences in immune cell counts, cortisol, and behavioral factors were observed. Analyses control for important potential correlates of recurrence: age, concurrent treatments, and other prognostic characteristics. To make the test more stringent, baseline values of the variables of interest are controlled in all analyses. Thus, the results are reXective of group diVerences which emerge between the initial and recurrence diagnoses, rather than group diVerences which may have been present at initial diagnosis. The present study hypothesizes that diVerences such as these between disease-free and recurrence patients, unexplained by known correlates such as treatment, could be related to disease processes.
Researchers have suggested that tumor cells can evoke a speciWc immune reaction via their altered antigenicity, a non-speciWc inXammatory reaction, or a reaction to cytokines produced by the tumor or its microenvironment [25] . Our data show patients with distant recurrence to have elevated neutrophil counts, which could have resulted from granulocyte colony stimulating factor (G-CSF) released by the tumor [14, 16] , albeit of a lesser severity than reported case studies [31] . Other research has reported neutrophilia to be accompanied by lymphopenia [33] , but this was not the case for our patients. Notably, the increase in lymphocyte numbers in peripheral blood was not accompanied by enhancement of NK or T cell activity (i.e., NKCC, LPR). It is plausible that elevated cortisol, an immunosuppressive hormone, may have been responsible for this pattern [29] .
For patients with local disease, high NK cell cytotoxicity and T cell proliferation were accompanied by patient reports of pain, fatigue, and emotional distress including depression and anxiety. While the immune and behavioral eVects may be independent, they may also arise from a common mechanism. It has been hypothesized that fatigue among cancer patients can result from a 'cytokine cascade', triggered by post-treatment elevation of the pro-inXammatory cytokines tumor necrosis factor (TNF-), interleukin-1 (IL-1 ), and IL-6 (see [24] for a discussion). IL-2, also a pro-inXammatory cytokine, is known to produce fatigue, depressed mood, and other 'sickness behaviors' in addition to the enhanced immune function (particularly NK cytotoxicity) [6, 31] .
Altered immune or endocrine regulation, such as an increase of pro-inXammatory cytokines, could arise either as a cause or a consequence of recurrent disease; that is, it could be an immune reaction to the presence of disease or a fertile environment within which recurrent disease can develop [7, 10] . We note that the analytic strategy we selected implies (but, of course, does not demonstrate) a direction of eVect. We are testing the hypothesis that recurrence processes yield diVerential signs/symptoms rather than the converse-signs or symptoms aVecting an individual's risk for recurrence. For this reason, mixed model analyses were used rather than an analysis in which recurrence status was an outcome, such as logistic regression. Separate from our assumptions, however, there is evidence to suggest that the latter scenario-that the observed eVects are a reaction to the presence of disease is a plausible interpretation. Namely, because the analyses controlled for baseline values, these results reveal patterns which developed only after the initial diagnosis. Future research testing indicators of inXammation (e.g., C-reactive protein, IL-6) could test these hypotheses.
The results of the present study suggest avenues for research. For earlier recurrence detection, for example, it may be fruitful to test cytokines which relate to the elevated cell counts and behavioral data observed here. Tumor cells have been observed to secrete GCS-F [14, 16] and, considering the present data, this increase may reach levels which are detectable in the peripheral blood. IL-2, stimulating a Th 2 -mediated immune response, may also be diVerentially elevated in patients who are about to recur. An exploration of these variables in archival data could test these hypotheses.
A second line of potential investigation concerns the possible causal relationship between our outcomes and recurrence. Neutrophils and lymphocytes have been shown to be cytotoxic against tumor cells [13, 17] , yet a recurrence of cancer was observed despite their high numbers. Future research could test whether, in such cases, insuYcient cells inWltrated the tumor [25] , or whether the cells exhibited poor cytotoxicity.
Use of clinical trial data for this analysis was advantageous. Periodic evaluation of the sample provided data prior to the recurrence diagnosis and measures assessing multiple systems. An added beneWt of the large trial was the ability to identify a comparison sample whose initial disease was similar to the recurrence patients. Further, followup of the disease-free patients continues, and they are known to remain disease-free for at least a year (mean = 84, range: 13-135 months) after the collection of the data presented here.
SigniWcance levels were not adjusted for multiple statistical tests. However, the number of signiWcant statistical tests [11 of 33 (33%)] was higher than chance (i.e., 5%) and produced a conceptually consistent pattern. Data were also limited by a small sample size, and results will need to be replicated in a larger study. Groups were equivalent on established prognostic variables. HER-2 data were not available, but the literature does not suggest that HER-2/neu status is correlated with any of the outcomes reported here.
SpeciWc clinical recommendations cannot be made from the present data. However, earlier detection, prediction, and even prevention of recurrence require an understanding of disease activity before its clinical appearance. At present, these results invite the possibility of identifying metastatic disease months or even years sooner than is currently possible.
